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ABSTRACT 
Since 1969, t he  Department of I n t e r i o r ,  Bureau of Mines, ha s  
c a r r i e d  ou t  communications r e sea rch .  Research has  been d i r e c t e d  
toward developing emergency and nonemergency mine comrunicat ions .  
This  paper  g ives  an overview of t h e  p rog re s s  made i n  t h e  l a s t  two 
y e a r s .  P a r t i c u l a r  emphasis i s  given t o  t h e  o v e r a l l  program, n o i s e  
and s i g n a l  measurements, systems s t u d i e s ,  g u i d e l i n e s ,  p roduc t s ,  and 
demonstrat ions  now be ing  c a r r i e d  on i n  ope ra t i ng  mines.  
INTRODUCTION 
P r e s e n t l y  mine communications c o n s i s t s  of loudspeaking- o r  
paging-type te lephones  o r  a l t e r n a t i v e l y ,  magneto r i n g i n g  te lephones ;  
i n  e i t h e r  case  a l l  phones a r e  on a common p a r t y  l i n e  w i t h  one t e l e -  
phone f o r  each working s e c t i o n  and a d d i t i o n a l  phones a t  o t h e r  key 
l o c a t i o n s ,  such a s  maintenance shops,  bo th  underground and on t h e  
s u r f a c e .  While a few mines have begun t o  use  d i a l - t ype  te lephones  
underground, t h e i r  use  t o  d a t e  ha s  been v e r y  l i m i t e d .  Add i t i ona l l y ,  
r a i l  t r a n s p o r t a t i o n  systems a r e  t y p i c a l l y  equipped w i t h  c a r r i e r  
cu r r en t  phones t o  p rov ide  communications between v e h i c l e s  and between 
v e h i c l e s  and a c e n t r a l  d i spa t che r .  
While t h e r e  have been q u a l i t a t i v e  i n d i c a t i o n s  t h a t  mine communi- 
c a t i o n  systems need improvement, t h e  exac t  n a t u r e  and t h e  e x t e n t  of 
t he  mod i f i ca t i ons  r equ i r ed  have no t  been p r e c i s e l y  def ined .  The 
Bureau of Mines ha s  undertaken a program t o  s p e c i f i c a l l y  d e f i n e  t h e  
a r e a s  where improved technology and techniques  can b e  of b e n e f i t  t o  
t h e  mining i n d u s t r y ,  and through a ~ u r e a u / c o n t r a c t o r  team, v a r i o u s  
mine communications systems a r e  be ing  developed and, w i th  t h e  cooper- 
a t i o n  of t h e  mining i n d u s t r y ,  a r e  be ing  eva lua t ed  i n  underground 
coa l  mines. 
THE RESEARCH PROGRAM 
The Bureau has  developed an approved mine operating/emergency 
communications system complete wi th  s imple monitor ing and a means 
of communicating wi th  t rapped  miners .  The system i s  i n s t a l l e d  i n  the  
Bureau's Sa fe ty  Research Mine a t  Bruceton, Pennsylvania.  Simultaneous 
wi th  t h i s  inhouse program, t h e  Bureau developed a c o n t r a c t o r  program. 
The c o n t r a c t o r  program inc ludes  o t h e r  government agenc ies ,  un ive r s i -  
t ies ,  p r i v a t e  companies, and mine o p e r a t o r s .  The c o n t r a c t o r  program 
has r e s u l t e d  i n  r e p o r t s  covering (1) e lec t romagnet ic  n o i s e  and prop- 
aga t ion  measurements w i t h i n  ope ra t i ng  mines; (2) survey of e x i s t i n g  
mine communications systems; (3) t h e o r e t i c a l  and a n a l y t i c a l  s t u d i e s  
of p a r t i c u l a r  problems i n  mine communications; (4) a program f o r  t he  
p repa ra t i on  of gu ide l ines  f o r  mine communications; and (5) new 
products  f o r  underground communications. A t  t h i s  seminar w e  w i l l  
be r e p o r t i n g  on a new mine c a r r i e r  phone us ing  frequency d i v e r s i t y  
and a new mine communications system using c o a x i a l  cab le .  
MEASUREMENTS 
The experimental  in-mine measurements cover t h e  spectrum of 
i n t e r e s t  f o r  e lec t romagnet ic  communications. A s  would b e  expected,  
t he  e lec t romagnet ic  n o i s e  fo l lows  ~ u r p h y  's Law: A t  very  low frequen- 
c i e s ,  where propagat ion i s  independent of t h e  mine openings,  n o i s e  
i s  g r e a t e s t ;  and a t  h igher  f r equenc i e s ,  where propagat ion is  fo rced  
t o  fol low t h e  mine openings,  t h e  n o i s e  i s  minimal. It  i s  of i n t e r e s t  
t o  n o t e  t h a t  about 30 yea r s  ago when t h e  Bureau of Mines determined 
t h e  frequency of t h e  t r o l l e y  w i r e  communications, they s e l e c t e d  t h e  
a r e a  of 100 KHz This frequency is  a t r adeo f f  between the  e l e c t r o -  
magnetic n o i s e  and t h e  e lec t romagnet ic  propagat ion e f f i c i e n c y .  
Mine w i r e l e s s  communications a r e  h igh ly  d e s i r a b l e .  Measurements 
a t  t he  u l t r a  high f requenc ies  i n d i c a t e  t h e  fol lowing s i g n i f i c a n t  
propagat ion c h a r a c t e r i s  t i c s  : (1) At tenua t ion  i n  db inc reases  l i n e a r l y  
w i th  i nc reas ing  d i s t a n c e  ; (2) h o r i z o n t a l  p o l a r i z a t i o n  produces s i g n i f -  
i c a n t l y  lower t ransmiss ion  l o s s  a t  a given d i s t a n c e  than does v e r t i c a l  
p o l a r i z a t i o n ;  (3) t ransmiss ion  l o s s e s  decrease  s i g n i f i c a n t l y  a t  a 
given d i s t a n c e  a s  t h e  frequency i s  increased  from 200 t o  1,000 MHz. 
A s  an example, wi th  bo th  t r ansmi t  and r ece ive  antennas v e r t i c a l l y  
p o l a r i z e d ,  a t t e n u a t i o n  i n  db p e r  100 f e e t  is  25, 6 ,  and 4 f o r  200, 415, 
and 1,000 IMz, r e s p e c t i v e l y ;  (4) s i g n a l  a t t e n u a t i o n  immediately around 
a corner  is cons iderab le  a t  a l l  f requenc ies  and i s  about  25, 17 ,  and 
14 db f o r  200, 415, and 1,000 MHz, r e s p e c t i v e l y ;  and (5) complete s i g n a l  
d e p o l a r i z a t i o n  is observed around t h e  corner .  
SYSTEM STUDIES 
To more s p e c i f i c a l l y  d e f i n e  t h e  problems w i t h i n  mine communications 
systems,  surveys  have been taken i n  u~nderground mines t o  determine t h e  
key o p e r a t i o n a l  parameters ,  namely (1) t h e  t i m e  t o  reach key personne l  
underground; ( 2 )  t h e  t r a f f i c  d e n s i t y  o r  a v a i l a b i l i t y  of phone l i n e s  a s  
a func t i on  of t i m e  du r ing  t h e  working s h i f t  ; and (3)  r e l i a b i l i t y  and/or  
m a i n t a i n a b i l i t y  of t h e  e x i s t i n g  communications equipment. Surveys have 
cons i s t ed  of  f u l l - s h i f  t monitor ing of mine te lephone  l i n e s  and c a r r i e r  
c u r r e n t  r a i l  hau lage  communication c i r c u i t s ,  fol lowed by d e t a i l e d  a n a l y s i s  
of t h e s e  record ings  t o  a s c e r t a i n  i f  t h e r e  a r e  p a r t i c u l a r  problem a r e a s .  
A s  an example, t h e  r e s u l t s  from a survey of a 4500-ton-per-day mine i n d i -  
c a t e  t h a t  t h e  maximum use  of t h e  mine te lephone  was 49 pe rcen t  of t h e  
t ime dur ing  t h e  second hour of t h e  s h i f t .  During quar ter-hour  pe r iods  
t h e r e  were t imes when the  system was used 7 1  pe rcen t  of t h e  t ime.  With 
t h i s  k ind  of  a system t h e r e  i s  a 30 pe rcen t  chance of f i n d i n g  a busy 
s i g n a l  on a g iven  c a l l .  This  i s  cons iderab ly  worse than  t h e  one chance 
i n  a thousand which i s  t h e  s t anda rd  f o r  commercial t e lephone  c i r c u i t s .  
It i s  e s t ima ted  t h a t  a s ix-channel  phone system would b e  r equ i r ed  t o  
b r i n g  t h e  system t o  commercial s t anda rds .  
Fu r the r  examination of d a t a  r e v e a l s  t h a t  t h e  d u r a t i o n  of a given 
c a l l  o r  an a t tempted c a l l  i s  ve ry  s h o r t .  For many mines  of t h i s  
s i z e  t h e  survey shows t h a t  t h e  average t ime t o  reach  key personne l  
underground i s  about 30 minutes .  I n  ca se  of emergency t h i s  t ime may 
b e  i nva luab l e .  I n  terms of o p e r a t i o n a l  e f f i c i e n c y  t h e  c o s t  of a high- 
product ion s e c t i o n  may be $700 an  hour;  hence,  i f  a maintenance foreman 
is  needed, h i s  va lue  t o  t h e  t o t a l  ope ra t i on  can b e  r a t h e r  s i g n i f i c a n t  
and t h e  need t o  reach  him promptly cannot b e  o v e r s t a t e d .  
I n  t h e  same mine t h e  c a r r i e r  c u r r e n t  phones, which a r e  used 
p r i m a r i l y  f o r  d i spa t ch ing  of v e h i c l e s  on t h e  haulageway, were found 
t o  have a p r o b a b i l i t y  of be ing  busy approximately 10  pe rcen t  of t h e  
t ime .  However, because t h e s e  phones s e r v e  a s  a s a f e t y  c o n t r o l  system 
f o r  t h e  t r a f f i c  on t h e  haulageway, i t  i s  n o t  deemed a d v i s a b l e  t o  pro- 
v i d e  a d d i t i o n a l  channels .  
E x i s t i n g  equipment was found t o  b e  o p e r a t i o n a l ;  however, t h e  q u a l i t y  
of t he  audio was o f t e n  l e s s  t han  d e s i r a b l e  f o r  i n t e l l i g i b l e  communica- 
t i o n s .  I n  one p a r t i c u l a r  system t h e  l a c k  of i n t e l l i g i b i l i t y  was t r a c e d  
t o  improper a l ignment  of t h e  t r o l l e y  w i r e  phones. I n  ano the r  case  t he  
t r oub l e  was t r a c e d  t o  phone l i n e  grounding which was caus ing  e x t e n s i v e  
hum on the  mine phone system. 
GUIDELINES 
The Bureau i n  the pas t  has mostly r e s t r i c t e d  i t s e l f  t o  the  approval 
of communications equipment on the  b a s i s  of p e r m i s s i b i l i t y .  Other 
i n d u s t r i e s  have developed s tandards  r e l a t i v e  t o  c o m n i c a t i o n s  equip- 
ment, design,  opera t ion ,  and maintenance. The mining indus t ry  needs 
s i m i l a r  cornmupications guidel ines ,  and the  Bureau i s  p resen t ly  
developing guidel ines  f o r  the  mine telephone system. Guidelines w i l l  
be e s t ab l i shed  f o r  the  i n s t a l l a t i o n  , maintenance, and t e s t s  of wired 
mine communcation systems using t h e  magneto- and pager-type mine t e l e -  
pnone equipment The guidel ines  w i l l  cover such aspec t s  of t h e  system 
a s  the  mounting of phones, t he  hanging of cable,  s e l e c t i n g  w i r e  and 
cable ,  care  and s e r v i c e  of handsets and hook switches,  checking of 
b a t t e r i e s ,  measuring of s i g n a l s ,  and i n s t r u c t i o n s  f o r  in spec to r s  t o  
be used i n  the examination of an operat ing system. 
Consideration w i l l  be given t o  the  t e s t  equipment required t o  
check b a t t e r y  s t a t u s ,  phone l i n e  impedance c h a r a c t e r i s t i c ,  phone l i n e  
and/or equipment grounding, s igna l ing ,  message handling c a p a b i l i t i e s  
and o ther  system and equipment c h a r a c t e r i s t i c s  t h a t  need t o  be 
checked t o  a s c e r t a i n  t h a t  the  phone system i s  opera t ional  and can 
be depended upon i n  the  case of an emergency. 
Af te r  completing guidel ines  f o r  the  mine telephone system, 
add i t iona l  guide l ines  w i l l  be prepared f o r  the  t r o l l e y  wire  phone 
system. 
NEW PRODUCTS 
During the  pas t  two years  the  Bureau has had developed the  
following new communication products f o r  the  mining indus t ry :  (1) Trapped 
miner loca to r  t r ansmi t t e r ;  (2) trapped miner po r t ab le  r ece ive r ;  (3) trapped 
miner hel icopter-borne r ece ive r ;  (4 )  c a l l  a l e r t  paging t r ansmi t t e r ;  
(5) c a l l  a l e r t  paging rece ive r ;  (6)  b e l t  box page phone; (7) frequency 
d i v e r s i t y  t r o l l e y  wi re  and h o i s t  rope phone; (8) mine telephone t o  
publ ic  phone in terconnect ;  ( 9 )  c a r r i e r  phone t o  wi re l e s s  r ad io  i n t e r -  
connect; and (10) mine communications and monitoring phone f o r  coaxia l  
cable .  A con t rac t  i s  now underway t o  develop a w i r e l e s s  radio  system 
capable of communicating 1350 f e e t  between two roving miners.  A 
por table  t r ansce ive r  and a repeater  a r e  being developed. 
DEMONSTRATIONS 
New phone systems a r e  being i n s t a l l e d ,  not  only by the  Bureau 
of Mines bu t  by mine opera tors .  During t h i s  seminar, papers w i l l  be 
presented on (1) new communications cen te r  f o r  Ohio Valley Division,  
by Randy F i z e r ,  Ohio Valley Division,  Consolidation Coal Company; 
(2) a permissive d ia l lpage  telephone f o r  coal  mining communications 
by Ken Betch, Gai t ronics  Corporation, George Trace, Southern Ohio 
Coal Company, and Paul B.  Day, Gai t ronics  Corporation; and (3) a 
new whole-mine communications system 'by John Combellick, C o l l i n s  Radio 
Company. A s  i n d i c a t e d  i n  t h e  Bureau systems s tudy ,  each of t h e s e  
systems h a s  m u l t i p l e  channels.  The paper  by John Combellick desc r ibes  
t h e  system t h e  Bureau of Mines w i l l  b e  demonstrat ing a t  U.S. s t e e l ' s  
Robena complex. This i s  a whole-mine communications and monitor ing 
system. The phone l i n e  i s  a 7/8-inch c o a x i a l  cab le .  The phones a r e  
novel--there i s  a pushbutton d i a l  and a p r i v a t e - l i n e  capac i ty  f o r  100 
s imultaneous phone conversa t ions .  The phones a r e  designed t o  reach  
i n d i v i d u a l s .  When t h e  phone i s  rung, an  e lec t romagnet ic  c a l l  a l e r t  
s i g n a l  i s  t r ansmi t t ed  t o  the i n d i v i d u a l  be ing  c a l l e d .  Each key person 
has  h i s  own c a l l  a l e r t  r e c e i v e r .  Spec i a l  haulageway phones have 
CO monitor ing,  and s e c t i o n  phones have CO,  methane, and a i r  v e n t i l a -  
t i o n  monitor ing.  A i r  s p l i t  phones have ex t ens ive  monitor ing i n  t h e  
f r e s h  a i r  and t h e  r e t u r n  a i r .  You w i l l  l e a r n  about t h e  system from 
John Combellick. 
The Bureau, i n  t h e  coming y e a r ,  w i l l  a l s o  b e  demonstrat ing a mine 
cornmunicati.ons system f o r  mines producing l e s s  than  400,000 t o n s  pe r  
yea r .  
CONCLUSIONS 
Techniques and technology a r e  a v a i l a b l e  t o  overcome many of t h e  
o p e r a t i o n a l  problems of underground mine communications. These 
techniques  a r e  be ing  reduced t o  hardware t h a t  w i l l  b e  u s a b l e  f o r  
t h e  mining i n d u s t r y .  The problems of underground mine communications 
can b e  so lved;  t h i s  paper p r e s e n t s  a v a r i e t y  of concepts  t h a t  have 
been developed and exper imenta l ly  eva lua ted  i n  mines. No s i n g l e  
concept  p rovides  a u n i v e r s a l  so lu t iom,  b u t  hybr id  systems which 
address  a l l  problems can be  and a r e  be ing  implemented. I n  t h e  course 
of  t h i s  seminar ,  t h i s  s e c t i o n  and t h e  s e c t i o n  t o  fo l low,  you w i l l  
l e a r n  more of t h e  d e t a i l s  of t h e  advances i n  mine c o m u n i c a t i o n s .  
